Summary: An easy, rapid and precise technique for the determination of the binding capacity of the sex hormonebinding globulin (SHBG) is described. The plasma is incubated with [
Introduction
(c) calculation of the SHBG-binding capacity by the amount of SHBG-bound tritiated steroid. In \966Mercier et al. (1) described a plasma protein which binds testosterone with high affinity. In the Various procedures have been proposed for the separation same year Rosenbaum et al. (2) found a plasma protein of the steroid-SHBG complex, as reviewed very recently displaying high affinity for estradiol-170. Later, the by Lutz et al. (4) : classical equilibrium dialysis, microcommon identity of both binding proteins was clearly dialysis with Sephadex G-25, conventional gel filtration, shown by DeMoor et al. (3) . In order to understand the competitive absorption using dextran-coated charcoal physiological role of this sex hormone-binding globulin or florisil, and precipitation with ammonium sulphate. (SHBG), its quantitative determination is necessary.
Less frequently used in this respect are the polyacrylMost of the respective techniques are based on the same amide gel electrophoresis (5, 6) , DAEA-cellulose filter principle:
paper (7) and equilibrium partition in an aqueous two-(a) saturation of the binding sites by tritiated steroids, phase system (8^' (b) followed by separation of the SHBG-bound radioactivi-For several years we have used agar gel electrophoresis ty from unspecifically bound and free radioactivity, according to Wagner (9) for the determination of androgen receptors in target tissues (10, 11 ]5a-dihydrotestosterone (DHT) complex, the method therefore being highly suitable as a routine assay for the determination of the SHBG-binding capacity.
The detailed description and evaluation of the technique, the comparison of the data with values obtained by a SHBG-binding capacity determination according to Dennis et al. (10) , and the assessment of a normal range of the SHBG-binding capacity in male plasma are the subjects of the report.
Material and Methods
Heparinized blood was obtained from normal male blood donors. It was immediately centrifuged (20 min at 3000 rpm) and the plasma stored at -18°C. [1, 2- 3 H)5a-Dihydrotestosterone (DHT; specific activity 1628 TBq/mol (44 Ci/mmol); purity 96%) was obtained from NEN Chemicals (Dreieichenhain). The radioactive steroid in benzene/ethanol (9+1, volumes) was evaporated to dryness and the residue was redissolved in physiological Nad solution/ ethanol (9 + 1, volumes) to obtain a solution of 57.7 MBq/1 (1.56 mCi/1) = 37 nmol/1. Unlabelled DHT and all other reagents, unless otherwise stated, were obtained from Merck AG (Darmstadt). A 37 μπιοΐ/ΐ solution of DHT was prepared in physiological NaCl solution/ethanol (9 + 1, volumes). Electrophoresis buffer: Na-diethylbarbiturate-acetate-HCi, pH 8. 
Chemicals and solutions

Incubation
The procedures were carried out at 4°C. In preliminary experiments, plasma was treated with charcoal before the steroid incubation: 0.2 ml of the charcoal suspension was added to 0.22 ml of diluted plasma (diluted 1:11 with TrisHCl buffer). The mixture was stirred overnight at 4°C. After this period the dextran-coated charcoal was removed by centrifugation at 5 000 rpm for 4 minutes, and the supernatant used for further incubation steps.
Agar gel electrophoresis
This technique was inaugurated by Wagner (9) . The apparatus for punching and slicing the gel layer was purchased from the workshop of the Max-Planck-Institut f r Zellbiologie (Wilhelrnshaven). Preparation of agar/agarose gels: 1.35 g pure agar (Behringwerke, Marburg) and 0.15 g agarose (Serva, Heidelberg) were made up to 75 ml H 2 Ο plus 75 ml electrophoresis buffer, boiled briefly and allowed to gel in a Plexiglas mould. Two gel layers of 95 X 100 X 5 mm were cut out and slid onto 95 X 95 X 0.6 mm glass plates, one end of the gel overlapping the plate by 5 mm. The gels can be stored at 4°C in a humid chamber for several days. For the application of plasma samples (40 μΐ per hole), 10 holes are punched at right angles to the direction of separation in the middle of the gel layer, between the anodic and cathodic end.
The glass plates, bearing the gel layers, are placed on a tefloncoated metal block (H bscher, Hamburg), which is cooled at -2°C by a cryostat K4R (Me ger tewerk, Lauda). Attachment of the ends of the gels to anode and cathode respectively is by means of filter paper bridges (140 X 100 mm), dipping into the electrophoresis buffer. The bridges consist at the cathode of two layers of filter paper MN 866 (Macherey & Nagel, Dur en), at the anode of one filter paper MN 604, underlying the gel end which overlaps the glass plate, followed by one MN 866 and one MN 604 filter paper, the latter covering the gel end by approximately 5 mm. After filling the sample holes with plasma, the electrophoresis (power supply type 121260, Desaga, Heidelberg) was run 90 minutes at 10 Volt/cm (circa 130 mA, 300 V), the temperature in the gel being + 4°C. The metal block and buffer trays are covered by a perspex lid (H bscher, Hamburg). After electrophoresis, the gel was cut into 10 strips parallel to the direction of separation with a sample-hole in the middle of each strip. The strips were finally divided into 3 mm wide gel slices at right angles to the direction of separation.
Measurement of radioactivity
The 3 mm wide gel slices were deep frozen for 2 hours at -18 °C in counting vials in order to facilitate elution of the radioactivity by the scintillation fluid. After addition of the scintillation fluid, the counting vials were shaken for 1-2 hour and then analyzed in a scintillation counter (Packard TriCarb 3390, efficiency 32%). Because of the constant ratio to the internal standard, the radioactivity was measured in counts/min.
Calculation of the SHB'G-binding capacity
Under the assumption that SHBG is completely saturated by [ During the run.the peak of 1000 counts/min decreases by 28.5% to 715 counts/min, i.e. if after a 90 minute run 715 cpm are found, then 285 counts/min (i.e. 40% of 715 counts/min) must be added in order to obtain a peak value of 1 000 counts/min).
SHBG-binding capacity determination according to Dennis et al
This technique has been described in detail elsewhere (15) . Statistics 1. Spearman rank correlation was performed when comparing the binding data obtained by the two methods used. 2. The significant differences in SHBG-binding capacity between the younger and older group were checked by Students-test 9 assuming a normal distribution of the data.
Results
When incubating human plasma with tritiated DHT alone, or together with a 1000-fold excess of unlabelled DHT, binding patterns as shown in figure 1 were obtained by agar gel electrophoresis. The SHBGbound radioactivity was found cathodically (right from the start) in slice numbers 15-18, while unbound, e.g. free radioactivity was present in slice numbers [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] binding capacity. A small quantity of the displaced radioactivity is shifted to the anodic part of the gel, while the majority is recovered in the free fraction. figure 4 , pretreatment of the plasma by an overnight charcoal incubation, in ord.er to remove endogenous steroid from the SHBG, does not lead to a higher binding capacity and was therefore omitted. During the electrophoresis, a time-dependent amount of SHBG-bound DHT will be dissociated from SHBG, as shown in figure 5 . The linearity of the time-dependent dissociation is plotted in figure 6 . Two experiments give nearly identical results, the average rate being 19% per hour. In order to determine the actual SHBG-binding capacity the SHBG-bound DHT after a 90 minute electrophoresis must be corrected for the dissociation rate (see Material and Methods).
The precision of the method was checked by performing 10 determinations of a male plasma sample within one electrophoresis (intra-assay); the coefficient of variation was 3.7%, the inter-assay coefficient of variation being 9.8% (n = 8). Due to the lack of purified SHBG, accuracy could not be determined. An indirect evaluation of the accuracy of the method is shown in figure 7 , where 10 male plasma samples were simultaneously analyzed by agar gel electrophoresis and by a method first described by Dennis et al. from this laboratory (15) . 
Discussion
In order to use routinely the method described above as a tool for obtaining relevant values for the plasma SHBG-binding capacity, the SHBG-binding peak must be saturated. Plasma dilution and the amount of (6, 19, 20) . Probably, within the 14 hour incubation period, the high excess of [ 3 H]DHT almost completely displaces endogenous androgens from the SHBG. Furthermore, charcoal might eliminate small amounts of SHBG itself from the incubation medium (13) , thus masking the possible rise of the binding capacity. However, as shown by Dennis et al. (15) , the loss of SHBG by charcoal adsorption is extremely low. In contrast to the procedure of Wagner &Ruffert (12), we have introduced a competition step for quantifying the SHBG-binding capacity. As shown in figure 1, a 
